Cerebrospinal flbid (CSF) penetration of imipenem-cilastatin was evaluated in 20 children (aged 4 months to 11 years) with central nervous system infections. A total of 10 children received a single 25-mg/kg intravenous dose, and 10 received three 25-mg/kg intravenous doses at 6-h intervals. Blood and CSF were obtained 1.5 to 2.5 h after the last dose during the early (days 1 to 3) and the late (days 7 to 10) stages of infection. Imipenem concentrations after single-dose infusion in serum and CSF during the early phase of treatment (8.59 ± 0.95 and 1.36 0.32 ,ig/ml, respectively) were similar to those during the late phase (9.96 ± 2.36 and 2.08 ± 1.14 ,ug/ml, respectively). Concentrations of imipenem in serum and CSF after multiple-dose infusion during the early phase (11.97 ± 2.03 and 1.87 ± 0.29 ,ug/ml, respectively) were similar to those during the late phase (9.57
multiple-dose, early-versus late-phase evaluationt of CSF cilastatin concentration. There was no correlation between age or absolute. CSF neutrophil count and the serum or CSF concentrations of imipenem or cilastatin.
We found a mean CSF penetration of 15 to 27% for imipenem and 16 to 66% for cilastatin in children. These findings suggest that imipenem-cilastatin sufficiently penetrates into CSF in children to warrant further investigation of this compound in pediatric central nervous system infections.
Primaxin (Merck Sharp & Do4me Laboratories, West Point, Pa.) is a 1:1 combination of a stable derivative of thienamycin, N-formimidoyl thienamycin (imipenem), and the renal dihydropeptidase inhibitor cilastatin (10) . Imipenem has a broad antibacterial spectrum that includes aerobic and anaerobic gram-positive and gram-negative microorganisms. The compound has documented activity against Staphylococcus aureus, methicillin-resistant S. aureus, Staphylococcus epidermidis, Pseudomonas sp., and Listeria monocytogenes (8, 11, 13, 18) . Previous work has shown that intravenous administration of 25 mg of imipenem-cilastatin (1:1) per kg at 6-h dosing intervals provides therapeutic serum levels of imipenem in children without evidence of accumulation (9) . The purpose of this investigation was to determine the penetration of imipenem and cilastatin into cerebrospinal fluid (CSF) of children with central nervous system infections. Assessment was performed after single-and multiple-dose administration during the first and last 3 days of parenteral antibiotic therapy to determine the effect of resolution of infection on the penetration of both compounds into CSF.
( inoculum of the autologous CSF isolate. The CSF bactericidal titer assays were performed on the same media that were used in the MIC and MBC assays. The values were determined by using previously described methods (15) . Drug administration. Imipenem-cilastatin (500 mg) was reconstituted in 0.9% sodium chloride as previously described (9) . Study doses were administered intravenously over a 15-to 20-min period within 8 h of preparation by using a constant infusion pump (IVAC 630 pump, IVAC Corp., San Diego, Calif.). During and within 1 h of this time, no other drug was administered ipsilaterally.
Specimen collection and preparation. At approximately 1.5 to 2.5 h after complete infusion of the respective study doses, paired blood and CSF samples were obtained via venous sampling from a contralateral extremity and lumbar puncture, respectively. Paired blood and CSF samples were at all times obtained within 10 to 15 min of each other, and exact postinfusion times were recorded. The blood (2.5 ml) and CSF (2.0 ml) samples were collected in glass tubes which did not contain anticoagulant and were transported immediately on ice to the laboratory. Serum was separated from blood samples after centrifugation at 4°C and 2,000 x g for 10 min within 1.0 h of collection. In a similar manner, CSF samples were centrifuged, and the clear supernatant (1.0 to 1.5 ml) was removed.
Sample processing. An aliquot of both serum and CSF (0.5 ml) from each sample was added to 0.5 ml of stabilizing solution containing 1 volume of morpholinoethane-sulfonate buffer (MES buffer; Calbiochem-Behring, La Jolla, Calif.) and 1 volume of ethylene glycol (J. T. Baker Chemical Co., Phillipsburg, N.J.). The mixtures were thoroughly vortexed, and the resultant solutions were immediately transferred to two shipping vials and were quick-frozen at -70°C. Frozen samples were shipped on dry ice to Merck Sharp and Dohme Laboratories (West Point, Pa.) for quantitation of imipenem and cilastatin from plasma and CSF.
Quantitation of imipenem and cilastatin. Quantitation of imipenem and cilastatin from serum and CSF was accomplished by using high-performance liquid chromatography as previously described (12) . The analytical method had a range of linearity of 0.5 to 50.0 ,ug/ml for both imipenem and cilastatin in serum and CSF, with a lower limit of detection of 0.5 ,ug/ml for both compounds. The between-day and within-day coefficient of variation for replication was consistently <7% for low (0.5 ,ug/ml) and high (50.0 jxg/ml) standards from serum and CSF. Analytical recoveries of both imipenem and cilastatin were consistently >90% from each biologic matrix. Frozen stability of imipenem and cilastatin in serum and CSF at -70°C was documented for 90 days. All standard curves for imipenem and cilastatin quantitation were prepared in drug-free samples of serum and serum ultrafiltrate (for quantitation from CSF). Analysis of specimens was performed in triplicate with the mean value reported as the final concentration of either imipenem or cilastatin in serum or CSF. Safety and tolerance. No adverse effects were detected in the patients during the early-or late-stage evaluation periods. The following laboratory studies were monitored both before and 5 days after imipenem-cilastatin administration: hematologic profile, platelet count, blood urea nitrogen, serum creatinine, serum glutamic oxalacetic transaminase, total bilirubin, and alkaline phosphatase. No abnormalities in the aforementioned studies were documented, and no clinical evidence of phlebitis was observed in any subject.
Statistical analysis. All results pertaining to grouped demographic, microbiologic, or pharmacologic data were expressed as a mean and a range about the mean. Covariance determinations between demographic data and pharmacologic and microbiologic parameters were performed by using linear least-squares regression analysis. The following tests were conducted in the regression analysis: (i) Student's t test, the null hypothesis (H.) being that the slope of the regression line was zero; (ii) correlation coefficient (r), Ho being that x and y were independent variables; and (iii) analysis of variance, Ho being that the regression of y on x was not linear. Analyses to detect statistically significant differences between the experimental populations for a given variable were conducted by using the appropriate version of VOL. 29, 1986 on November 6, 2017 by guest http://aac.asm.org/ Downloaded from 
RESULTS
The microbiologic data for subjects in the single-and multiple-dose groups are summarized in Table 1 . Examination of the MBC for each pathogen in the single-and multiple-dose groups (Table 1 ) revealed values <1.0 ,ug/ml for all isolates with the exception of one strain each of S. epidermidis (MBC = 2.0 ,ug/ml), S. aureus (MBC = 4.0 ,ug/ml), and H. influenzae (MBC = 1.0 ,ug/ml). The most sensitive organisms from both treatment groups were H. influenzae (MBC = 0.28 + 0.12 mg/liter) and N. meningitidis (MBC = 0.12 ± 0.02 mg/liter). Excluding the shunt infections caused by S. aureus and S. epidermidis and a meningitis caused by E. coli, the CSF concentrations of imipenem at the early evaluation point exceeded the respective MBC values by 2.8-to 320-fold.
The CSF and serum concentration data for imipenem are summarized in Table 2 . Examination of the time between drug administration and the sampling of blood and CSF revealed a significantly lower interval between the early (124.6 ± 6.5 min) and late (149.7 ± 8.8 min) treatment phase blood sampling times for the multiple-dose group only. No other significant differences were found between the singleand multiple-dose groups or between the respective early and late treatment phase evaluations.
The concentrations of imipenem in serum and CSF were not significantly different between the early and late treatment phases within the single-and multiple-dose groups. No significant differences were found for these parameters between the single-and multiple-dose groups when compared at both the early and late evaluation periods (Table 2) . Similarly, when the CSF-to-serum concentration ratios for imipenem were examined, no significant differences were found between the early and late evaluation intervals or between the single-and multiple-dose groups ( Table 2) .
The CSF and serum concentration data for cilastatin are summarized in Table 3 0.12 ,ug/ml) was significantly less than the value observed at the early evaluation point (1.59 ± 0.21 ,ug/ml) despite the fact that the early-versus-late-stage CSF-to-serum ratios were not different. With the exception of the CSF-to-serum ratio at the late-stage evaluation, there were no differences between the single-and multiple-dose groups for the serum or CSF concentrations of cilastatin. With the exception of the late-stage CSF cilastatin concentration after multiple-dose administration (Table 3) , there was no apparent accumulation or loss of cilastatin in serum or CSF consequent to changes in meningitis or multiple-dose administration of imipenem-cilastatin. A series of covariance analyses were conducted between both subject age and absolute CSF neutrophil count, and each of the following parameters was calculated at the early-stage evaluation interval for both the single-and multiple-dose groups: (i) serum concentration of imipenem and cilastatin, (ii) CSF concentration of imipenem and cilastatin, and (iii) CSF-to-serum concentration ratio of imipenem and cilastatin. No significant linear relationships were observed between age or absolute CSF neutrophil count and any of these parameters. Additionally, correlations between the serum and CSF concentrations of either imipenem or cilastatin could not be demonstrated when examined for the single-and multiple-dose groups or for the early and late treatment phase evaluations. DISCUSSION In our study, we examined the penetration of imipenem and cilastatin from blood into CSF in a population of infants and children with documented bacterial meningitis or ventriculitis or both at 1.5 to 2.5 h after an intravenous dose of imipenem-cilastatin. We could not demonstrate a correlation between age or absolute CSF neutrophil count on admission and either imipenem or cilastatin concentrations in serum or CSF, or the degree of penetration when examined as the CSF-to-serum concentration ratios for the respective compounds.
Imipenem . We found a mean penetration for imipenem of between 15 and 27% in our patients at 1.5 to 2.5 h after administration of either a single or multiple intravenous dose of imipenem-cilastatin. Furthermore, the extent of CSF penetration of imipenem did not differ between evaluations in the early and late stages of treatment or between the single-and multiple-dose groups (Table 2) .
Our evaluation of CSF penetration of imipenem and cilastatin at 1.5 to 2.5 h after an intravenous dose of imipenem-cilastatin should have represented post-peak serum concentrations (9) . In view of pharmacokinetic similarities between imipenem (9) and ceftazidime (2) in children, we would expect the CSF concentrations of imipenem at 1. Our data suggest that imipenem and cilastatin appear to penetrate from blood into CSF to similar extents after single and multiple doses of intravenous imipenem-cilastatin when examined at 1.5 to 2.5 h after drug administration. Satisfactory bactericidal titers (1:8 to 1:256) were demonstrated in the CSF of all patients for imipenem at both the early and late treatment phases after single-and multiple-dose imipenem-cilastatin administration. With the exception of an apparent increase for the CSF-to-serum ratio of cilastatin in the late treatment phase after single-dose administration (Table 3) , the extent of CSF penetration of either imipenem or cilastatin did not appear to be markedly altered during the treatment course for bacterial meningitis or ventriculitis in children. This finding and the lack of correlation between the absolute neutrophil count in the CSF and the CSF concentrations of imipenem or cilastatin suggest that CSF penetration of both agents may not be markedly influenced by the degree of meningeal inflammation.
